Abstract -Indoor localization systems in nowadays is a huge area of interest not only at academic but also at industry and commercial level. The correct location in these systems is strongly influenced by antennas performance which can provide several gains, bandwidths, polarizations and radiation patterns, due to large variety of antennas types and formats. This paper presents the design, manufacture and measurement of a compact microstrip antenna, for a 2.4 GHZ frequency band, enhanced with the use of Electromagnetic Band-Gap (EBG) structures, which improve the electromagnetic behavior of the conventional antennas. The microstrip antenna with an EBG structure integrated allows an improvement of the location system performance in about 25% to 30% relatively to a conventional microstrip antenna.
INTRODUCTION
Man's interest in determining geographical localization has grown up naturally along the years. Nowadays the determination of a certain location is made by using electronic systems, and in the last decade location systems become a high interesting area, not only at academic level but also at diverse industry and commercial areas, such as: automation, robotics, consumer electronics, medicine, security, among others. Wireless Sensor Networks (WSNs) used as localization systems are nowadays a huge area of interest mainly due to their wide-range of applications. These localization systems are based on a group of devices, technologies, techniques, algorithms and applications that together estimate the absolute or relative coordinates of a person or object in a given environment of localization. Currently, there are many systems for indoor location, each one with specific (dis)advantages. Actually, these qualities and limitations are a consequence of the choices made in each system. For a global overview, some indoor location systems and their features are described in [1] .
Nowadays there are several technologies implemented for indoor localization systems being the most used: Radio Frequency Identification (RFID); Ultra Wide Band (UWB); Wi-Fi, Bluetooth and ZigBee. The estimation of the location based on this kind of signal depends on several factors inherent to the nature of the own signal. These signs in indoor environments are not stable and may suffer reflection, absorption, spreading and diffraction. Therefore, the main drawback of systems based on Received Signal Strength Indication (RSSI) is that RF signal is sensitive to various phenomena such as multipath fading and shadowing, as a result, received signal strength is not very accurate and can vary a lot over a short distance.
To provide and guarantee a good performance of all these technologies, or further, of all wireless technologies, the choice of an antenna is a crucial issue to have in consideration. More detailed, providing a better antenna performance, the gain of the Low Noise Amplifier (LNA) or the Power Amplifier (PA) could be reduced leading to a smaller power consumption and consequently to higher battery life time; smaller interference and undesired radiation, if a smart antenna are implemented, providing a manipulation of the directivity and radiation pattern; this would mean that in a location system a chance to reduce the overall system tags number leading to cheaper location systems.
Due to the demands of size, height, cost and short range, not all antennas type are appropriate to indoor location systems. Currently, the antennas used on indoor localization systems are: dipoles [3] [4], loop antennas [5] ; microstrip antennas [6] [7] , chip antennas [8] and smart antennas [9] [10], among others. However, as this theme has been subject of a vast research, it would not be possible to describe all of the existing antennas, and so we refer to [11] , where other types of antennas are presented.
Especially for localization systems based on RSSI the choice of a proper antenna is a crucial issue to have in consideration for the good performance of the system. In this paper we present a microstrip antenna for the localization of users (objects or people) in indoor environments that will act as a base station. In order to obtained an antenna with small dimensions we use a dielectric permittivity of 10.2, and then use the EBG structures to improve the electromagnetic behavior of the conventional microstrip antenna. In [12] , the authors refer that the distance between the patch and the EBG structure should be bigger than the period of EBG cell to obtain a good return loss and a radiation pattern with low rear radiation. In this paper, we apply the EBG cell near the patch antennas and the obtained results were good. Using this technique the overall size of the antenna is smaller. This paper is organized as follows: section 2 describes the advantages of microstrip antennas and EBG structures. The simulated and measured results of the proposed antenna are presented on Section 3. Section 4 closes this paper with conclusions.
II. THE MICROSTRIP ANTENNA AND EBG
Microstrip antennas have found applications in a wide variety of military and commercial applications due to many advantages [13] [14] (e.g. low profile, lightweight, ease of fabrication and low cost). However, a narrow impedance bandwidth and surface waves, as they reduce the antenna efficiency, are a major drawback for this type of antenna. This becomes even more pronounced for higher dielectric constant substrates, which are preferred for reducing the antenna dimensions.
In this paper we design two antennas. The first one is a conventional microstrip antenna, with a relative permittivity of 10.2. The uses of this permittivity value permit the reduction of global antenna dimensions, but at the same time the increase of surface waves and consequently reduce the efficiency of the antenna and lower the gain. The second one is a microstrip antenna with ground plane dimensions equal to the conventional but with EBG cells (no via).
The EBG structures may be defined as periodical (or non periodical at times) artificial objects which inhibit or help the propagation of electromagnetic waves on a certain frequency band for all incidence angles and for all states of polarization. These structures are generally obtained through periodic arrangements of dielectric material and metal conductors. Geometry determines both the signal rejection frequency bands and the spatial direction in which the propagation is limited [15] . These structures permit reducing the radiation pattern back lobe of the patch antenna and increase the efficiency of the antenna. The major contribution in this paper is the localization of the EBG cells, near the patch antenna.
Antenna characteristics obtained from simulations are compared with measured data, to confirm the expected results.
III. MEASURED AND SIMULATED RESULTS
The behaviour of several microstrip antennas will be studied based on simulations made by the CST (Computer Simulation Technology) [18] .
Two microstrip antennas will be projected and measured: a conventional one and another one, with mushroom like square EBG cells (no via) incorporated, both for 2.4GHz frequency, with an input impedance of 50 and with 60 mm of ground plan when printed in a subtract with ε r = 10.2 and h = 1.28 mm.
Using the software, and after several optimizations, the following dimensions were obtained and , for the resonance frequency to be centered in . Fig. 1 shows the projected antenna and its dimensions. In Figure 3 we present simulated and measured normalized radiation patterns of the antenna at 2.4 GHz, for = 90º. From the Fig. 3 it's possible to see the concordance between simulated and measured results. The others characteristics of the antenna are presented in Table 1 . After that, several EBG structures were applied to the microstrip antenna, such as circular patches, crossed dipoles, Jerusalem cross, among others. The square patches were the configuration with the best results. Fig.4 shows a microstrip antenna with six mushroom like square EBG cells (no via), which was the configuration with best performance. It´s important to refer that EBG cells are placed near the patch, and consequently there are more one resonance.
After several optimizations, the dimension was . and ground plane dimensions are the same of conventional microstrip antenna. Fig.4 shows the projected antenna. The EBG cells dimensions are 18.75 mm. 7 shows the comparison between the simulated radiation pattern of conventional microstrip antenna and the antenna with EBG, for =90º. From the figure, it's possible to see the increase in the gain, and the substantial decrease in the back radiation. Using the simulator, the obtained gain and the efficiency were respectively and for the microstrip antenna. For the antenna with EBG cells, the gain was 5.9 dBi and the efficiency was 80%. So, the microstrip antenna with EBG cells has more gain and efficiency relatively to the conventional antenna.
The measured gain of the microstrip antenna with EBG cells relatively of conventional antenna is also about 1.2 dB that was the same as that found in the simulation. The others characteristics of the antenna with EBG cells are presented in Table 2 . Fig. 8 shows the prototype of the build antennas.
[dB] When we use the antenna with EBG cells in the localization system, and measure the RSSI, there is an improvement performance in about 25% to 30% relatively to a conventional microstrip antenna. 
IV. CONCLUSIONS
In this article we conclude that the use of EBG structures together with microstrip antennas reduces the surface currents in the antenna and consequently increase the gain and reduce the back radiation level, leading to less interference in the system as well as to enhance the global efficiency of the antenna. The microstrip antenna with an EBG structure integrated allows an improvement of the location system performance in about 25% to 30% relatively to a conventional microstrip antenna.
The analysis of the simulated and measured results shows that there are good concordances. The main difference is in the return loss but is not significant. These differences are due to the permittivity value is not the same that used in the simulation.
